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(54) Title: MULTI-CATIONIC SILICONE POLYMERS 
(57) Abstract 



Disclosed are silicone polymers 
comprising: a) unit (A) and at least one 
of unit (B) and (C). wherein is oxy- 
gen, nitrogen, sulfur or methylene; X is 
an integer of 0 to about 20; Y is an inte- 
ger of 0 to about 20; Z is an integer of 0 
to about 20; is CH2 or any of formu- 
lae: (a), (b), (c) or (d). R>, R^ R^ and R^* 
are independently alkyl of I to 3 carbons, 
phenyl, benzyl, or phenethyl; R^ is ethy- 
lene or propylene; R^ is hydrogen, alkyl 
of 1 to 4 carbons, fluorocarbon of I to 
4 carbons, phenyl, or benzyl; R'' is alkyl 
of 1 to about 30 carbons, phenyl, ben- 
zyl, or phenethyl; is OH, OR^, NH2, 
NHR9, SH, SR'O, COOH, COOR'>. or a 
halogen, wherein RS, R9 Rio, and R>> 
are alkyl or alkylene of 1 to about 20 
carbons; n is an integer of 1 to about 
500; and m is an integer of 1 to about 
100; and b) a stoichiometric amount of 
an anion selected from the group con- 
sisting of anionic forms of sulfate, hy- 
drosulfale, methyl sulfate, carbonate, bi- 
carbonate, chloride, bromide, iodide, and 
mixtures thereof. Further disclosed fab- 
ric treatment and hair care composi- 
tions comprising the multi-cationic sili- 
cone polymer. Still further disclosed are 
suitable methods of making the silicone 
polymers. 
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MULTI-CATIONIC SILICONE POLYRflERS 

5 

TECHNICAL FIELD 

The present invention relates to a multi-cationic silicone polymer having 
10 water-miscible characteristics. The present invention further relates to fabric 
treatment and hair care compositions comprising the multi-cationic silicone 
polymer. ^ 

BACKGROUND 

15 Silicone polymers are used in various fields of industry due to their 

general characteristics such as ability to lower surface tension, lubricity, ability to 
suppress suds, ability to provide glossiness, thermal stability, chemical stability, 
and very low bioactivity to humans. Silicone polymers with various substituents 
of a wide range of molecular weight are used for fabric and hard-surface 

20 treatment products, cosmetic and toiletry products, and pharmaceutical products. 
Many of these products are based on solvents and carriers which have high 
polarity. 

Silicone polymers which are designed to be miscible with water or suitable 
for cosmetic and fabric use are known in the art. such as in Kazama et al. 

25 "Syntheses and Reactions of Uniform Size Poly(Dimethylsiloxane) with Various 
Reactive End Groups" Polymer Journal Vol. 19, No. 9. pp1091-1100. issued 
March 26, 1987. U. S. Patent 4,659,777 issued April 21, 1987, Japanese Patent 
Laid-open (Kokai) H2-276824 published November 13, 1990, and Japanese 
Patent Laid-open (Kokai) H4-85334 and H4-85335 both published March 18, 

30 1992. 

Generally, however, silicone polymers are difficult to dissolve or mix with 
solvents having high polarity, particularly water. Based on the foregoing, there is 
a need for a silicone polymer which is water miscible, and thus suitable for 
formulating in products based on solvents and carriers which have high polarity. 
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None of the existing-art provides all of the advantages and benefits of _the 
present invention. 

SUMMARY 

The present invention is directed to a multi-cationic silicone polymer 
comprising: 

a) unit (A) and at least one of unit (B) and (C) of the following formulae: 
R1 

^SiO^ (A) 



R3 R6 

-Si-CH2— [(CH2)XQ'' (CH2)Y]z-Q2-(N-^R^)m-Q3 (B) 
r4 R7 



I l'^ 
R3— Si— CH2-[(CH2)xQ''{CH2)y]z— Q2-(N+R5)m-Q3 (C) 

(!) R7 



wherein q1 is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
20; Y is an integer of O^to. abput 20; Z is an integer ^ 
any of the following formulae: 

' . / OH 



-CH2CH— — CH2CHCH2— , , 

I /ku -CH2/ >— OH -CH: 

CH2OH . OH , ^ VV , or 




r2, r3. and are independently alkyi of 1 to 3 carbons, phenyl, benzyl, or 
phenethyl; r5 is ethylene or propylene; r6 is hydrogen, alkyI of 1 to 4 carbons, 
fluorocarbon of 1 to 4 carbons, phenyl, or benzyl; r7 is alky! of 1 to about 30 
carbons, phenyl, benzyl, or phenethyl; q3 is OH, ORS, NH2. NHRS, SH, SR10, 
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COOH. COOR^^ or a halogen, wherein r8, r9, R^O, and R^^ are alkyl or 
alkylene of 1 to about 20 carbons; n is an integer of 1 to about 500; and m Is an 
integer of 1 to about 100; and 

b) a stoichiometric amount of an anion selected from the group consisting of 
5 anionic forms of sulfate, hydrosulfate. methylsulfate, carbonate, bicarbonate, 
chloride, bromide, iodide, and mixtures thereof. 

The present invention is further directed to fabric treatment and hair care 
compositions comprising the multi-cationic silicone polymer. 

The present invention is still further directed to a suitable method of 
10 making the multi-cationic silicone polymer. 

These and other features, aspects, and advantages of the present 
^ invention will become evident to those skilled in the art from reading of the 
present disclosure. 

15 DETAILED DESCRIPTION 

While the specification concludes with claims particularly pointing and 
distinctly claiming the invention, it is believed the present invention will be better 
understood from the following description. 

All percentages herein are by weight of the compositions unless otherwise 
20 indicated. 

All ratios are weight ratios unless otherwise indicated. 

All percentages, ratios, and levels of ingredients referred to herein are 
based on the actual amount of the ingredient by weight, and do not include 
solvents, fillers, or other materials with which the ingredient may be combined as 
25 commercially available products, unless otherwise indicated. 

As used herein, "comprising" means that other steps and other 
ingredients which do not affect the end result can be added. This term 
encompasses the temns " consisting of and "consisting essentially of\ 

All cited references are incorporated herein by reference in their entireties.' 
30 Citation of any reference is not an admission regarding any determination as to 
its availability as prior art to the claimed invention. 
MULTI-CATIONIC SILICONE POLYMER 

The multi-cationic silicone polymer of the present invention comprises: 
a) unit (A) and at least one of unit (B) and (C) of the following formulae: 
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-fSiO^ (A) 




(B) 




r6 

! 



wherein is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
20; Y is an integer of 0 to about 20; Z is an integer of 0 to about 20; q2 is CH2 or 
any of the following formulae: 



r1 , r2. r3. and are independently alkyi of 1 to 3 carbons, phenyl, benzyl, or 
phenethyl; r5 is ethylene or propylene; R^ is hydrogen, alkyI of 1 to 4 carbons, 
fluorocarbon of 1 to 4 carbons, phenyl, or benzyl; R^ is alkyI of 1 to about 30 
carbons, phenyl, benzyl, or phenethyl; q3 is OH, 0R8, NH2, NHR9, SH. SR10, 
COOH, COORII, or a halogen, wherein r8, r9. R^O, and R^^ are alkyI or 
alkyiene of 1 to about 20 carbons; n is an integer of 1 to about 500; and m is an 
integer of 1 to about 100; and 

b) a stoichiometric amount of an anion selected from the group consisting of 
anionic forms of sulfate, hydrosulfate, methylsulfate, carbonate, bicarbonate, 
chloride, bromide, iodide, and mixtures thereof. 

The multi-cationic silicone polymer of the present invention may comprise 
units (A) and (C) in a random order and^(By at"a terminal, so long as'at least one 




OH 




— CH2CHCH2 — 
OH 
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unit of (A) and at least one of either unit (B) or unit (C) are present. The multi- 
cationic silicone polymers herein include at least one block cationic 
polyelectrolyte site as included in unit (B) or (C). With such a structure, the multi- 
cationic silicone polymer of the present invention can possess the characteristics 

5 of a silicone polymer as well as water-miscible characteristics of a cationic 
polymer. The structural design and molecular weight of the multi-cationic 
silicone polymer of the present invention may be selected by the artisan to obtain 
those according to the desired product to which the polymer is formulated. The 
multi-cationic silicone polymer of the present invention may terminate with an 

10 additional moiety or include adequate spacers as selected by the artisan to 
facilitate synthesis. The multi-cationic silicone polymer of the present invention 
can be terminated with unit (B), or with unit (A) or (C) end-capped with an alkyi or 
a trimethylsilicon. When unit (C) is included, the multi-cationic silicone polymer 
comprises a branched moiety, whereas when unit (C) is not included, the multi- 

15 cationic silicone polymer is linear. 

The multi-cationic silicone polymer of the present invention may be made 
only from unit (A) and unit (B). When the multi-cationic silicone polymer of the 
present invention is made of one unit of (A) and 2 units of (B), the polymer 
includes 2 block cationic polyelectrolyte sites, and preferably takes the following 

20 general formula (la): 



wherein is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
25 20; Y is an integer of 0 to about 20; Z is an integer of 0 to about 20; r1. r2. r3, 

and r4 are independently alkyI of 1 to 3 carbons, phenyl, benzyl, or phenethyl; 

r5 is ethylene or propylene; R^ Is hydrogen, alkyI, or fluorocarbon of 1 to 10 

carbons, phenyl, or benzyl; R^ is alkyl of 1 to about 30 carbons or phenyl, 

benzyl, or phenethyl; n is an integer of 1 to about 500; m is an integer of 1 to 
30 about 100; and XI is sulfate, hydrosulfate. methylsulfate. carbonate, 

bicarbonate, chloride, bromide, iodide, or mixtures thereof. 

Preferably. is oxygen or methylene; X is an integer of 0 to 5; Y is an 

integer of 0 to about 5; Z is an integer of 0 to about 10; R^ R2. r3, and r4 are 
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the same substituents wherein the substituent is an alkYi of 1 to 3 carbons or 
phenyl" more preferably methyl; is ethylene or propylene; r6 is hydrogen, 
methyl, ethyl, phenyl, or benzyl, more preferably methyl or ethyl; r7 is alkyi of 1 
to about 30 carbons, preferably methyl or ethyl; n is an integer of 5 to about 500 
more preferably 5 to about 200; and m is an integer of 3 to about 100; and X1 is 
sulfate, hydrosulfate, methylsulfate, carbonate, bicarbonate, chloride, bromide, 
iodide, or mixtures thereof. 

Still preferred are silicone polymers of the following general formula (lb): 

CH3 CH3 CH3 CH3 

HO- (CH2CH2N-')^ (CH2)20(CH2)3 - [^iOJn-^it::- (CH2)30(CH2)2 ^ (N+CH2CH2)ft^-OH 
taHg <bH3 (bH3 C2H5 

(lb) ^ 2mXl- 

wherein n is an integer of from about 5 to about 100, m is an integer of 3 to 
about 20, and is selected from the group consisting of sulfate, hydrosulfate, 
methylsulfate, carbonate, hydrocarbonate, chloride, bromide, iodide, and 
mixtures thereof. 

RING-OPENING POLYMERIZATION 

The multi-cation ic silicone polymers of the present invention can be 
prepared by a synthesis route comprising three stages. 

The first stage comprises ring-opening polymerization of an activated 
siloxane. 

The first stage may further comprise a preliminary stage of preparing an 
activated siloxane. The activated siloxane is a siloxane compound having its 
terminals substituted with a sulfonic ester or a halogen, preferably tosyl or mesyl 
sulfonic ester groups. 

The starting silicone material to make this activated siloxane can be any 
linear or branched silicone having hydroxy functionality, wherein any other 
existing functionality are non-reactive with the below mentioned activating 
agents, nor the below mentioned cyclic iminoethers. The starting silicone 
material are those comprising unit (A) mentioned above and at least one of units 
(B^l) and (C^) of the following formulae: 



20 
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wo 99/32539 ^ PCT/US97/23622 



R3 

-Si-CH2-[(CH2)xQ^(CH2)Yl2 — OH 
R4 



{B1) 



R3— Si— CH2"[(CH2)xP^(CH2)y]2— OH (C1) 
O 



wherein is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
5 20; Y is an integer of 0 to about 20; Z is an integer of 0 to about 20; and r3 and 
r4 are independently alkyi of 1 to 3 carbons, phenyl, benzyl, or phenethyl. The 
starting silicone material can be any known in the art so long as at least one of 
the terminals is hydroxy. Preferably, the starting silicone material is a 
hydroxyalkyl-siloxane, hydroxyalkoxyalkyl-siloxane, and polyalkoxyl-siloxane. 
10 Examples of commercially available starting silicone materials are; X-22-160AS, 
KF-6001. KF-6002, KF-6003, X-22-4015. X-22-4901, KF-353, KF-354, KF-355. 
KF-945. and KF-6011 supplied by Shin-Etsu Chemical, SF8427, BY16-005, 
BY16-007, SH3746. SF8428. SH3771, BY16-036, BY16-027, and BY16-848 
supplied by Toray Dow Corning Silicone, TSF4750. TSF4751, XF42-B0970, 
15 SF1188, SF1288, and SF1388 supplied by Toshiba Silicone. 

An embodiment of preparation of an activated siloxane is shown in the 
following scheme: 

r1 r3 

rill i CH3SO2CI (XI) 
HOCH2[(CH2)xQ^(CH2)Y]zCH24-Si-Oj^Si-CH2[(CH2)xQ^ (CHaVIzCHjOH ^ ^ 

(H) 

r1 r3 

CH3S02C<:H2[(CH2)xQ^(CH2)Y]zCH24^i-<>[— ^'~CH2[(CH2)xQ^{CH2)y]zCH20S02CH3 

(III) 



The starting silicone material as exemplified by dihydroxy-terminated 
polyalkylsiloxane as shown by formula (II) is subjected to the reaction with an 
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activating agent to obtain an activated siloxane as shown by formula (III). The 
activating agent is selected from the group consisting of sulfonic halide, wherein 
halide is a chloride, bromide, or iodide. P(Hal)3, P(Hal)5 and S02(Hal)2 or 
mixtures thereof; wherein (Hal) is a halogen selected from chloride, bromide, or 

5 iodide. Preferable activating agents are tosyl chloride and mesyl chloride. Mesyl 
chloride is exemplified as formula (XI). 

Suitable mediums for carrying out this first stage of synthesis include inert 
solvents which provide an anhydrous condition. Exemplary inert solvents are 
absolute (hereinafter referred to as "abs.") tetrahydrofuran (hereinafter referred 

10 to as "THF"), abs. benzene, abs. toluene, abs. triethylamine, abs. pyridine, and 
mixtures thereof. Preferably, the medium contains a Lewis base. Exemplary 
Lewis bases includexthose which are liquid and solid such as abs. triethylamine, 
abs. pyridine, dimethylamino pyridine (hereinafter referred to as "DMAP"), and 
1,8-diazabicyclo[5.4.0.]-7-undecene (hereinafter referred to as "DBU"). Abs. 

15 triethylamine and abs. pyridine act both as a solvent and a liquid Lewis base, 
and thus suitable. Abs. triethylamine is a highly suitable liquid Lewis base. More 
preferably, the medium contains at least a stoichiometric amount to the activating 
agent of a Lewis base, as it provides good yield. Still preferably, the medium 
contains: a volatile solvent such as abs. THF, abs. benzene, abs. toluene and 

20 mixtures thereof; and a stoichiometric amount to the activating agent of a liquid 
Lewis base such as abs. triethylamine, abs. pyridine, and mixtures thereof. The 
reaction can be carried out at room temperature at atmospheric pressure. 

Alternatively, the activated siloxane can be any linear or branched silicone 
having halogen or epoxy functionalities, wherein any other existing functionalities 

25 are non-reactive with the below mentioned cyclic iminoethers. The activated 
silioxane are those comprising unit (A) mentioned above and at least one of unit 
(B2) or (C2) of the following fomrujlae: 



R3 

— ii-CH2-[(CH2)xQ^(CH2)Y]z— 
R4 



(B2) 



30 





O 
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wherein Q*^ is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
20; Y is an integer of 0 to about 20; Z is an integer of 0 to about 20; and M 
are independently alky! of 1 to 3 carbons, phenyl, benzyl, or phenethyl; and X2 is 
5 a halide or an epoxy of the following formulae: 



The activated siloxane can be any known in the art so long as it has at least one 
10 halogen or epoxy functionality. The epoxy functionality can be a glycidyl-type or 
oxirane-type. Preferably, the activated siloxane has halogen functionalities. 
When these halogen terminated activated siloxane are used directly for ring- 
opening polymerization, the above mentioned reaction with the activating agents 
are unnecessary. Examples of commercially available siloxane compounds with 
15 halogen functionalities which may be used directly as activated siloxane are; 
LMS-152 supplied by AZmax Co.. Ltd.. TSL9236. TSL9276, TSL9226. and 
TSL9206 supplied by Toshiba Silicone. Commercially available siloxane 
compounds having epoxy functionalities are; KF-105, X-22-163A, X-22-163B. X- 
22-1630. KF-1001. KF-101, X-22-169AS, X-22-169B. KF-102, and X-22-173DX 
20 supplied by Shin-Etsu Chemical, SF8411, SF8413, BY16-855, BY16-855B, 
BY1 6-839, SF8421EG. and BY1 6-845 supplied by Toray Dow Corning Silicone, 
YF3965. XF42-A4439. TSF4730, XF42-A4438, XC96-A4462, XC96-A4463, 
XC96-A4464, XF42-A5041. TSL9946, TSL9986, and TSL9906 supplied by 
Toshiba Silicone. 

25 The activated siloxane either obtained by the preliminary reaction or 

obtained commercially is polymerized. through a reaction known as ring-opening 
polymerization, an embodiment of which is shown in the following scheme: 




\ / 
O 





o-^ 



(III) 



30 
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HO-{CH2CH2N)^-CH2[{CH2)xQnCH2)y)zCH24-^t-o3^ii-^^^^ 

(IV) CH3 

This can be done by subjecting the activated siloxane as exennplified by formula 

(III) with a cyclic iminoether to obtain a polyamide siloxane exemplified by 
5 formula (IV). The cyclic iminoether is selected from the group consisting of 2- 

substituted-2-oxa2oline, 2-substituted-5,6-dihydro-4H1,3-oxazine, and mixtures 
thereof. Preferable cyclic iminoethers are 2-Z-2-oxa2oline and 2-Z'-oxazine 
wherein Z is a hydrogen,- alkyi, or fluorocarbon- having 1 to 10 carbons, phenyl 
and benzyl, still preferable are 2-alkyl-2-oxazoline wherein the alkyi is made of 1 

10 to 3 carbons, as exemplified as formula (XII). The tosyl, mesyl or halide group of 
the activated siloxane (III) is known to be a leaving group on the attack by 
various nucleophiiic monomers. The tosyl and mesyl groups are preferable 
leaving groups. Thus, the activated siloxane (III) is utilized as a macromolecular 
initiator for the synthesis of a block copolymer through nucleophiiic reaction 

15 toward the tosylate or mesylate ester function or halide at the functionality by the 
cyclic iminoether which acts as a nucleophiiic monomer. The polyamide siloxane 

(IV) thus obtained has concentrated polyamide moieties at functionalities of the 
polymer which had originally been activated. 

Suitable mediums for carrying out this first stage of synthesis include inert 
20 solvents which provide an anhydrous condition. Exemplary inert solvents are 
abs. acetonitrile. abs. THF, abs. benzene, abs. toluene, abs. triethylamine, abs. 
pyridine, and mixtures thereof. Preferably, the me(Jiura. contain a. Lewis, base.. 
Exemplary Lewis bases include those which are liquid and solid such as abs. 
triethylamine, abs. pyridine, dimethylamino pyridine (hereinafter referred to as 
25 "DMAP"), and 1,8-diazabicyclot5.4.0.]-7-undecene (hereinafter referred to as 
"DBU"), Abs. triethylamine and abs. pyridine act both as a solvent and a liquid 
Lewis base, and thus suitable. Abs. triethylamine is a highly suitable liquid Lewis 
base. More preferably, the medium contains at least a stoichiometric amount to 
the activated siloxane (III) of a Lewis base. It has been found that the existence 
30 of this amount of Lewis base significantly raises the conversion yield of the 
activated siloxane (III) to the resulting polyamide siloxane. Thus, the number of 
amide moieties of the present polymers: (number "m" in the structure) can be 
controlled with significantly improved precision to provide the targeted polymer at 
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high yield. Still preferably, the medium contains: a volatile solvent such as abs. 
acetonitrile, abs. THF, abs. benzene, abs. toluene and mixtures thereof; and a 
stoichiometric amount to the activating agent of a liquid Lewis base such as abs. 
triethylamine, abs. pyridine, and mixtures thereof. A highly preferred medium is 

5 an acetonitrile solution of at least a stoichiometric amount to the activated 
siloxane of abs. triethylamine. The reaction can be carried out at room 
temperature or elevated temperature at around atmospheric pressure. 

After the ring-opening polymerization is completed, the obtained reactant 
. is treated with an alkali or alkali salt to obtain the polyamide siloxane (IV). Such 

10 alkali or alkali salt include sodium carbonate, sodium hydrogen carbonate, 
potassium carbonate, potassium hydrogen carbonate, amines in an inert solvent, 
and metal orytetra-alkyl ammonium salts of organic acids. When the reactant is 
treated with aqueous alkaline such as sodium carbonate, the finally obtained 
polymer will have a hydroxy terminal. When the reactant is treated with amines 

15 in an inert solve, the finally obtained polymer will have amine or ammonium 
terminated terminals. When the reactant is treated with salts of organic acids, 
the finally obtained polymer will have carboxylate or ester terminals. 
REDUCTION OR HYDROLYSIS 



20 polyamide siloxane (IV). 

Reduction can be done, for example, by reacting the polyamide siloxane 
with a reducing agent such as LiAI(OR)xH4.x wherein R is methyl, ethyl, or 
isopropyl, and x is 0 or an integer from 1 to 3; preferably LiAIH4 (lithium 
aluminum hydride) to obtain a reduced polyamide siloxane as exemplified by 

25 formula (V) as shown in the following scheme: 



The second stage comprises reduction or hydrolysis of the obtained 




LiAIH4 
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Suitable mediums for carrying out such reduction include inert solvents such as 
abs. THF and abs. diethylether. Reduction can be alternatively done by reacting 
the polyamide siloxane with an agent such as (C2H5)30**"BF4-, CIsSiH, 
Cl3SiOH, CIsSiOCHs, Cl3SiOC2H5, (CH3)3SiCI, or dimethylsulfate in an inert 
solvent such as n-hexane or CH2CI2, followed by treatment with NaBCNH3or 
NaBH4 in diethylether, ethanol, or THF. 

Hydrolysis can be done, for example, by reacting the polyamide siloxane 
with aqueous and alcohol/aqueous solutions of strong acids and alkalis such as 
HCI, NaOH, KOH. or NaHCOs to obtain a hydrolyzed polyamide siloxane as 
exemplified by formula (Vl) as shown in the following scheme: 

r1 R3 

HO-(CH2CH2N)^-CH2[(CH2)xQ^(CH2)y]zCH24S'-o]— Si— CH2[(CH2)xQnCH2>Y]zCHr(NCH2CH2^ 
(b=0 f!?2 "/?4 C=0 

(IV) CH3 

aq. NaOH 
^ 

R3 

HCH-(CH2CH2N)^-CH2[(CH2)xQUCH2)Y]zCH24S'-O^Si— CH2[(CH2)xQVCH2)yIzCH^^ 
H ^2 H 

(VI) 

Hydrolysis can be alternatively done by reacting the polyamide siloxane with an 
agent such as (C2H5)30+BF4-, Cl3SiH. CIsSiOH. CIsSiOCHs. Cl3SiOC2H5, 
(CH3)3SiCI. H2N-NH2. or dimethylsulfate in an inert solvent such as abs: THF. 
diethylether. n-hexane or CH2CI2, followed by treatment with diluted aqueous 
solutions of acids or alkalis sych as HCI, NaOH. KOH. NaHCOs, K2CO3. 
Na2C03, or KHCO3. 
QUATERNIZATION 

The third stage comprises quaternization of the obtained reduced 
polyamide siloxane (V) or hydrolyzed polyamide siloxane (VI) to obtain a multi- 
cationic siloxane polymer of the present invention. 

This can be carried out by adding a quaternizing agent. Quaternizing 
agents are selected from the group consisting of monomethylsulfuric acid, 
dimethylsulfate. diethylsulfate. dimethylcarbonate, methylchloride. rtiethyliodide, 
methylbromide, ethylchloride, ethyliodide, ethylbromide. benzylchloride. 



o 



o 



wo 99/32539 ^ ^ PCT/US97/23622 



benzylbromide, benzyliodide, sulfuric acid, carboxylic acid, hydrochloric acid, 
hydrobromic acid, hydroiodic acid, and mixtures thereof. It is known in the art 
that, when quaternization is conducted with quaternizing agents which provide 
positively charged alkyls such as nnononnethylsulfuric acid, dimethylsulfate, 
diethylsulfate, dimethylcarbonate, methylchloride, methyliodide, methylbromide, 
ethylchloride, ethyliodide, ethylbromide, benzylchloride, benzylbronnide, and 
benzyliodide, the quaternized cite is stable and pH independent. Quaternization 
which provides positively charged alkyls is exemplified by the following scheme: 

R1 R3 

HCK(CH2CH2N)^.CH2[(CH2)xQUCH2)Y]zCH24S'-oj-Si— CH2[(CH2)xQ^(CH2MzC^^ 

<bH2 r2 " ^ CH2 

CH3 (V) CH3 

Me2S04 

-■ — ' ■ 



*CH3 Rl R3 + CH3 

HO-(CH2CH2N)m-CH2[(CH2)xQ^(CH2)y]zCH24s'-of-Si— CH2[(CH2)xQ''(CH2)Y]zCH2-(NCH2CH2)frOH 
CH2 R2 "r4 CH2 

tha CC) CH, 



2mX3" 



On the other hand, when quaternization is conducted with quaternizing agents 
which provide protons to the amine moiety such as sulfuric acid, carboxylic acid, 
hydrochloric acid, hydrobromic acid, and hydroiodic acid, the quaternized cite is 
pH dependent. Quaternization which provides protons to the amine is 
exemplified by the following scheme: 

•. Ri r3 

H(>-(CH2CH2N)^-CH2l(CH2)xQi(CH2)Yl,CH24si-o4— 4i— CH2[(CH2)xQ-'(CH2)Y]zCHr(NCH2CH2)HrO 
CH2 r2 '"|!?4 CH2 

(V) CH3 

H+ 



Rl R3 + H 

HO-(CH2c4l^)„<;H2[(CH2)xQnCH2)YlzCH24^'-oj-^i-CH2[(CH2)xQnCH2)Y]zCH2KNCH2CH2)nrOH 
CH2 1^2 tH. 

hn, Od) 6H3 
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The quaternizing agent may be selected according to desired characteristic. 

of the final multi-cationic silicone polymer. 

USE OF MULTI-CATIONIC SILICONE POLYMER 

The multi-cationic silicone polymers of the present invention are believed 

5 to possess physical properties of both a silicone polymer and a cationic polymer 
Specifically, the multi-cationic sites are believed to provide the multi-cationic 
silicone polymers herein to be water miscible, provide good deposition and/or 
adhesion to various substrates, and provide antibacterial effects. It is also 
believed that the multi-cationic silicone polymers herein provide useful 

10 characteristics of a silicone polymer. 

The multi-cationic silicone polymers herein are useful in various field and 
employed in various products. Non-limiting examples of its useful fields inq^ude: 
consumer products area, medical and pharmaceutical area, fabrics area, and 
other industrial and chemical areas. 

15 In the area of consumer products, the multi-cationic silicone polymers 

herein are suitable for: treating, conditioning, polishing or providing antibacterial 
activity to; laundry products, hair care products, skin care products, and hard 
surface treating products. More specifically, the multi-cationic silicone polymers 
herein are suitable for: conditioning, softening, anti-wrinkle, anti-static, anti- 

20 bacterial, and soil anti-redeposition of laundry products such as laundry 
detergents, soaps, fabric cleaners, fabric conditioners, fabric static controlling 
products, and fabric wrinkle controlling products; conditioning, anti-static, anti- 
bacterial, and fixative agents for hair care products such as shampoos, hair 
conditioners, hair treatments, hair sprays, and hair mousses; lubricating and 

25 deodorizing for skin care products such as cosmetics and antiperspirants; 
polishing, lubricating, and anti-bacterial for hard surface treating products such 
as furniture treating products, .kitchen cleaners, and automobile cleaners or 
polishers; and for viscosity building or for providing controlled-release of active 
material or perfumes for any of the above. 

30 In the medical and pharmaceutical area, the multi-cationic silicone 

polymers herein are useful for adhesive for transdermal delivery of actives, 
immobilized preparations, dental impressions, and anti-caries agents in 
dental/oral care formulations. 

^ In ,other industrial and chemical areas, the multi-cationic silicone polymers 

35 herein are useful for algicides, anti-mold, anti-microbial, deodorizing, coating. 
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mold-release, anti-friction, anti-foaming. anti-static, and for blending for 
composites. 

The multi-cationic silicone polymers of the present invention are 
particularly useful for products which are based on solvents and carriers of high 

5 polarity, particularly water, and which are aimed to deposit on a substrate. 
Because of their water miscible nature, and multi-cationic sites, the multi-cationic 
silicone polymers of the present invention are thought to provide good deposition 
to the surface of substrates such as fabric, hair, skin, and hard-surfaces, 
particularly fabric and hair. Further, these multi-cationic silicone polymers 

10 provide bacteriocide effects to the aqueous formulations to which it is added. 

The present invention further relates to fabric treatment compositions 
comprising the multi-cationic silicone polymer. The multi-cationic silicone 
polymer of the present invention is useful for fabric treatment compositions, 
particularly those which comprise water as a carrier. These fabric treatment 

15 compositions preferably comprise about 0.01% to about 30% of the multi-cationic 
silicone polymer, and a suitable carrier. Suitable carriers include water, ethanol, 
isopropanol. 1.2-propanediol, 1 ,3-propanediol, propylene carbonate, and 
mixtures thereof. In addition, other components such as quaternary ammonium 
softening agents, brighteners, dispersibility aids, amine oxides, stabilizers, soil 

20 releasing agents, scum dispersants, and chelating agents can be comprised. 
The fabric treatment compositions of the present invention provide anti-wrinkle 
benefit, softness, and antistatic benefit to the fabric which is treated. 

The present invention further relates to hair care compositions comprising 
the multi-cationic silicone polymer. The multi-cationic silicone polymer of the 

25 present invention is useful for hair care compositions, particularly those which 
comprise water as a carrier. The hair care compositions preferably comprise 
about 0.01% to about 30% of the multi-cationic silicone polymer, and a suitable 
carrier. Suitable carriers include water, lower alkyi alcohols, polyhydric alcohols, 
and mixtures thereof. The lower alkyI alcohols useful herein are Ci-Ce alkyI 

30 monohydric alcohols, preferably C2-C3 alkyI alcohols. The preferred lower alkyi 
alcohol is ethyl alcohol, isopropyl alcohol, and mixtures thereof. The polyhydric 
alcohols useful herein include, for example, propylene glycol, hexylene glycol, 
glycerin, and propane diol. and mixtures thereof. The hair care composition of 
the present invention may further comprise an additional hair care active such as 

35 detersive surfactants, conditioning agents, and fixative polymers. The multi- 
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cationic silicone polymer is particularly useful for making hair conditioning, 
compositions further containing an additional conditioning agent selected from 
the group consisting of solid and liquid fatty compounds such as fatty alcohols, 
fatty acids, fatty acid derivatives, fatty alcohol derivatives, and steroids, solid and 
5 liquid hydrocarbons, cationic surfactants, other cationic polymers, and other 
silicone compounds. The hair care compositions of the present invention provide 
conditioning benefit and antistatic benefit to the hair which is treated. 

EXAMPLES 

10 The following examples further describe and demonstrate the preferred 

embodiments within the scope of the present invention. The examples are given 
solely for the purpose of illustratiofi and are not to be construed as limitations of 
the present invention since many variations thereof are possible without 
departing from the spirit and scope of the invention. Ingredients are identified by 

15 chemical name, or othenwise defined below. 
EXAMPLE 1 

The polymer with formula (le) is suitably obtained by a synthesis route as 
shown in the following scheme: 

CH3 CH3 

(XXI) 

CH3 CH3 

CH3S020C2H40C3He-Pii-al — ii-C3HeOC2H4QS02CH3 ~" 

^6H3"tH3 
(XXII) 



20 



CH3 CH3 

HCKC2H4N)io-C2H40C3He-[-ii -(>]— ^i-C3H60C2H4-(NC2H4)io-OH 
6=0 tH3 " tHj 6=0 

(bH3 (XXIII) 
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X3- = mixture of anions selected from the group consisting of SO42-, HSO4-, 
and CH3SO4- 



A 60 mmole portion of mesyl chloride (1,5 equivalent) is added dropwise 
to an ice-cooled stirring solution of 20 mmole dihydroxy polysiloxane having an 
average 90 to 1 10 units (XXI) and 60 mmole triethyiamine (1.5 equivalent) in 120 
ml of abs. THF. The reaction mixture is stirred for 1 hour under ice-cooling and 
for 1 day at room temperature. Removal of THF in vacuo after filtration is 
followed by the addition of 100 ml of ice water to the residue. This mixture is 
extracted with chloroform and the chloroform extract is washed with aq. sat, 
NaHCOa and dried with anhydrous sodium sulfate. This syrup is further treated 
according to common treatment to obtain a mesyl derivative of polysiloxane 
(XXII). 

Ring-opening polvmerization 

A sealed reaction mixture of a 5,440 g portion of the obtained mesyl 
siloxane (XXII) (5 mmole), 100 mmole distilled 2-methyl-2-oxazoline and 10 
mmole triethyiamine in 50 ml of anhydrous acetonitrile in a sealed tube is stirred 
at 80°C for 24 hours. The reaction mixture is then cooled to room temperature 
and 20 ml of 10% sodium carbonate is added with stirring. The mixture is stirred 
for 2 hours, then the mixture is concentrated in vacuo. The mixture is extracted 
with chloroform and the chloroform extract is dried with anhydrous sodium 
sulfate. This syrup is further treated according to common treatment to obtain a 
polyamide siloxane (XXIII). 



Activation 
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Reduction - . . . 

An abs. benzene (50 ml) solution of the obtained polyamide siloxane 
(XXill) (0.91 mnnole) is added dropwise to an ice-cooled stirring mixture of 29 
mmole (3.2 equivalent) lithium aluminum hydride and 50 ml of abs. THF. After 

5 the addition is complete the reaction mixture is stirred in ice bath for an additional 
hour, then the temperature is increased gradually until the reaction mixture 
reaches reflux, then continued stirring under reflux for 1 day. The reaction 
mixture is then cooled to room temperature and 10 ml of water is added with 
stirring. The mixture is stirred for an hour, then the mixture is filtered. The 

10 residue is washed with hot chloroform and is extracted with chloroform under 
reflux 3 times. The combined filtrate are dried with anhydrous sodium sulfate. 
This syrup is further treated according to common treatment to obtain a N-alkyI 
polyethyleneimino siloxane (XXIV). 
Quaternization 

15 A 8.1 g portion of the obtained N-alkyI polyethyleneimino siloxane (XXIV) 

is dissolved in 50 ml hexane and is treated with 3.2 g sodium hydrogen 
carbonate and 20 ml of water in ice bath cooling. To this mixture is added 4.4 g 
of dimethyl sulfate dropwise over a period of twenty minutes at 0^*0. After the 
addition is complete the reaction mixture is stirred in ice bath for an additional 

20 hour, then the temperature is increased gradually until the reaction mixture 
reaches reflux, then continued stirring under reflux overnight. The reaction 
mixture is then cooled to room temperature and the hexane layer is separated 
and washed with sat. aq. NaHCOa and water 3 times. The aqueous layer is 
extracted with chloroform. The combined hexane extracts and chloroform 

25 extracts are dried with anhydrous sodium sulfate. This syrup is further treated 
according to common treatment to obtain a multi-cationic silicone polymer (le). 
EXAMPLE 2 

The polymer with formula (If) is suitably obtained using the polyamide 
siloxane XXIII as shown in Example 1 by a synthesis route as shown in the 
30 following scheme: 



CH3 CH3 

HCKC2H4N)i(r-C2H40C3Hfe-{-^i -(>]— ii-C3H60C2H4-(NC2H4)icrOH 
^^3 (XXIII) 
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CH3 CH3 

HCHC2H4N)icrC2H40C3H6-f-^' -o4— ii-C3H60C2H4-(NC2H4)icrOH 

(XXV) 

^CHj CH3 CH3 ^CHj 

HO-(C2H4N)io-C2H40C3H6— [-^i-O-] — ii-C3H60C2H4-(NC2H4)io-OH 
CM2 " iHj CH2 

^Ha (If) CH3 

5 

Hydrolysis 

A 20 mL pbrtion of triethyloxonium tetrafluoroborate (1M in 
dichloronnethane) is added dropwise over a thirty minute period to a 
dichloromethane solution (100 mL) of 2.0 g of polyamide siloxane (XXIII) (0.8 

10 mmole, 1.6 mmole equivalent). The reaction mixture was allowed to stir at room 
temperature for 24 hours. The dichloromethane slurry of polyiminiumsiloxane 
salt is poured slowly over a 150 mL ice-cold solution of 10% Na2C03. Any 
solids remaining in the flask are treated with a 30 mL of 10% Na2C03 and 
combined with the original mixture. The entire mixture is extracted with 

15 dichloromethane and dried with Na2S04. This syrup is further treated according 
to common treatment to give a two-phased oil which is identified 
spectroscopically as formula (XXV). 
Quaternization 

A 1.5 g portion of (XXV) was dissolved in 50 mL abs. ethanol and was 
20 treated with a 2 g of potassium hydrogen carbonate. To this mixture is added a 
mixture of 7 g methyl iodide in 10 mL abs. ethanol dropwise over a period of 
twenty minutes. The reaction' mixture was allowed to stir at room temperature for 
24 hours. Solvent of this solution was removed in vacuo to give a solid material 
whose spectroscopic data identified the material as multi-cationic silicone 
25 polymer of formula (If). 
EXAMPLE 3 

The polymer with formula (Ig) is suitably obtained by a synthesis route as 
shown in the following scheme: 
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" CH3 " CH3 CH3 CH3 

CH3— Si-o4-Si-oj— pSi-O I St-CHa 
CH3 CH3 " CH3 

C3H6OC2H4OH 

(XXXI) 



CH3 CH3 CH3 

CH3— Si -O-l-Si -O-i — hSi -O 
CH3 CH3 I 



(XXXII) 



CH3 

— Si-CH3 
I 

CH3 

C3H6OC2H4OSO2CH3 



CH3 CH3 



CH3 



CH3 



CH3— Si -0-[-Si -O-j— |-Si -O-j Si -CH3 



CH3 CH3 



(XXXIII) 



CH3 

C3H60C2H4-{NCH2CH2)icrOH 
C=0 



CH3 CH3 



CH3 



CH3 
I 



CH3— Si-o4-Si-o4-4-Si-0-| Si-CH3 



CH3 CH3 



(XXXIV) 



CH3 

C3H60C2H2-(NCH2CH2)icrOH 
CH2 
CH3 



CH3 CH3 CH3 
CH3 ^-51-0^1-51-0 j-, [ SiT-O-rj- 



CH3 



CH3 



(ig) 



CH3 

-Si-CHs. 
I 

CH3 



^CH3 

C3H6OC2H2-{NCH2CH2)i0-OH 



I 

CH2 
I 

CH3 



10nX3- 



X3- = 



mixture of anions selected from the group consisting of SO42-. HSO4-, 
and CH3SO4- 
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Activation 



A 90 mmole portion of mesyl chloride (1.5 equivalent) is added dropwise 
to an ice-cooled stirring solution of 20 mmole branched carbinol polysiloxane 
having an average 50 to 70 units (structure XXXI) and 90 mmole triethylamine 
(1.5 equivalent) in 120 ml of abs. THF. The reaction mixture is stirred for 1 hour 
under ice-cooling and for 1 day at room temperature. Removal of THF in vacuo 
after filtration is followed by the addition of the 100 ml of ice water to the residue. 
This mixture is extracted with chloroform 3 times and the combined chloroform 
extracts are washed with aq. sat. NaHCOs sol. and dried with anhydrous sodium 
sulfate. This syrup is further treated according to common treatment to obtain a 
mesyl derivative of polysiloxane (XXXII). 
Ring-opening polymerization 

A sealed reaction mixture of a 5 mmole portion of the obtained mesyl 
siloxane (XXXII), 150 mmole distilled 2-methyl-2-oxazoline and 15 mmole 
triethylamine in 50 ml of anhydrous acetonitrile in a sealed tube is stirred at 80°C 
for 24 hours. The reaction mixture is then cooled to room temperature and 20 ml 
of 10% sodium carbonate is added with stirring. The mixture is stirred for 2 
hours, then the mixture is concentrated in vacuo. The mixture is extracted with 
chloroform and the chloroform extract is dried with anhydrous sodium sulfate. 
This syrup is further treated according to common treatment to obtain a 
polyamide siloxane (XXXIII). 



An abs. benzene (50 ml) solution of the obtained polyamide siloxane 
(XXXIII) (0.91 mmole) is added dropwise to an ice-cooled stirring mixture of 29 
mmole (3.2 equivalent) lithium aluminum hydride and 50 ml of abs. THF. After 
the addition is completed the reaction mixture is stirred in ice bath for an 
additional hour, then the temperature is increased gradually until the reaction 
mixture reaches reflux, then continued stirring under reflux for 1 day. The 
reaction mixture is then cooled to room temperature and 10 ml of water is added 
with stirring. The mixture is stirred for a hour, then the mixture is filtered. The 
residue is washed with hot chloroform and is extracted with chloroform under 
reflux 3 times. The combined filtrates are dried with anhydrous sodium sulfate. 
This syrup is further treated according to common treatment to obtain a N-alkyI 
polyethyleneimino siloxane (XXXIV). 



Reduction 
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Quaternization _ 

A 8.1 g portion of the obtained N-alkyI polyethyleneimino siloxane (XXXlV) 
is dissolved in 50 ml hexane and is treated with 3.2 g of sodium hydrogen 
carbonate and 20 ml of water in ice bath cooling. To this mixture is added 4.4 g 

5 of dimethyl sulfate dropwise over a period of twenty minutes at 0°C. After the 
addition is complete the reaction mixture is stirred in ice bath for an additional 
hour, then the temperature is increased gradually until the reaction mixture 
reaches reflux, then continued stirring under , reflux overnight. The reaction 
mixture is then cooled to room temperature and the hexane layer is separated 

10 and washed with sat. aq. NaHCOs and water 3 times. The aqueous layer is 
extracted with chloroform. The combined hexane extracts and chloroform 
extracts are dried with anhydrous sodium sulfate. This syrup is further treated 
according to common treatment to obtain a multi-cationic silicone polymer (Ig). 
EXAMPLE 4 

15 The polymer with formula (Ih) is suitably obtained by a synthesis route as 

shown In the following scheme prepared by starting material (XLI) and the same 
reacting agents, solvents, and conditions as described in Example 3 above. 

CH3 CH3 CHa CH3 

CH3— Si -0-{-Si -O J — HSi -OH Si -CH3 ^ 

1 ^ t I Jn I 

CH3 CH3 CH3 

C3H6(C2H40),o-C2H4-OH 

(XLI) 

CH3 CH3 CH3 CH3 

CH3— Si-o4-Si-o4H--Si-Q Si-CHa ^ - 

C3H6(C2H4O),,0-C2H4-OSO2CH3 

(XLII) 

20 

CH3 CH3 CH3 CH3 
CH3— -o4-ii -O-V-I-ii -0-1 ^i -CH3 

C3H6(C2H40)iaC2HKNC2H4)yOH 
(XLIID ,Lo 



o 
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(XLIV) 



C3H6(C2H40)icrC2H4-<NC2H4)yOH 



CH3— Si-0 



CH3 



I 




CH3 



Si-0 



n 




(Ih) 



C3H6(C2H40)io-C2H4-(NC2H4)3-OH 




x3- = mixture of anions selected from the group consisting of SO42-, HSO4-. 
and CH3SO4- 

The multi-cationic silicone polymer embodiments disclosed and 
represented by the previous examples have many advantages. For example, 
they provide good deposition to the surface of fabric and hair, and provide 
bacteriocfde effects when included in aqueous compositions. When incorporated 
in fabric treatment compositions, they provide anti-wrinkle benefit, softness, and 
anti-static benefit. When incorporated in hair conditioner compositions, they 
provide conditioning benefit and anti-static benefit. 

It is understood that the examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light 
thereof will be suggested to one skilled in the art without departing from its spirit 
and scope. 
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What is claimed is: - . . . > . / ..^ ,^ , . 

1. A silicone polymer comprising: 

a) unit (A) and at least one of unit (B) and (C) of the following formulae: 
R1 

-irfo^ (A) 

R2 

r3 r6 

— S i-C Hz— [(CH2)xP'' (C H2)y]z-Q2 -{ N+R5)m-Q3 (B) 
R4 r7 

I 1^^ 
R3— Si— CH2— [(CH2)xQ'» (CH2)y]z— Q2— (N+R5)m-Q3 (C) 

O R7 



wherein is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
20; Y is an integer of 0 to about 20; Z is an integer of 0 to about 20; q2 is CH2 or 
any of the following formulae: 

.OH 

-CH2CH — — CH2CHCH2- 
;H20H , OH 



1 L, -CH2-< ) — OH -CH: 

CI — 





r1 , r2. r3, and r4 are independently alkyi of 1 to 3 carbons, phenyl, benzyl, or 
phenethyl; r5 is ethylene or propylene; R^ is hydrogen, alkyI of 1 to 4 carbons, 
fluorocarbon of 1 to 4 carbons, phenyl, or benzyl; R^ is alkyI of 1 to about 30 
carbons, phenyl, benzyl, or phenethyl; q3 is OH. 0R8, NH2. NHR9. SH, SR10, 
COOH. COORH. or a halogen, wherein r8, r9, r10^ and rH are alkyI or 
alkylene of 1 to about 20 carbons; n is an integer of 1 to about 500; and m is an 
integer of 1 to about 100; "and " 
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b) a stoichiometric amount of an anion selected from the group consisting of 
20 anionic forms of sulfate, hydrosulfate, methylsulfate. carbonate, bicarbonate, 
chloride, bromide, iodide, and mixtures thereof. 

2. The silicone polymer according to Claim 1 consisting of one or more of 
unit (A) and one or more of unit (B). 

3. The silicone polymer according to Claim 2 having the following general 
formula (la): 



wherein q1 is oxygen, nitrogen, sulfur or methylene; X is an integer of 0 to about 
20; Y is an integer of 0 to about 20; Z is an integer of 0 to about 20; r1, r2. r3, 
and r4 are independently alkyi of 1 to 3 carbons, phenyl, benzyl, or phenethyl; 
r5 is ethylene or propylene; r6 is hydrogen, alkyl. or fluorocarbon of 1 to 10 
10 carbons, phenyl, or benzyl; R*^ is alkyl of 1 to about 30 carbons or phenyl, 
benzyl, or phenethyl; n is an integer of 1 to about 500; m is an integer of 1 to 
about 100; and X"" is sulfate, hydrosulfate, methylsulfate. carbonate, 
bicarbonate, chloride, bromide, iodide, or mixtures thereof. 

4. The silicone polymer according to Claim 3 wherein q1 is oxygen or 
methylene; X is an integer of 0 to 5; Y is an integer of 0 to about 5; Z is an 
integer of 0 to about 10; R^, R2» r3. and r4 are the same substituents wherein 
the substituent is an alkyl of 1 to 3r carbons or a phenyl; r5 is ethylene or 

5 propylene; r6 is hydrogen, methyl, ethyl, phenyl, or benzyl, r7 is alkyl of 1 to • 
about 30 carbons; n is an integer of 5 to about 500; m is an integer of 3 to about 
100; and X^ is sulfate, hydrosulfate, methylsulfate, carbonate, bicarbonate, 
chloride, bromide, iodide, or mixtures thereof. 

5. The silicone polymer according to Claim 4 wherein q1 is oxygen or 
methylene; X is an integer of 0 to 5; Y is an integer of 0 to about 5; Z is an 
integer of 0 to about 10; R^, R2. r3. and R'^ are all methyl; r5 is ethylene or 




5 
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propylene; is methyl or ethyl; is methyr or ethyl; n is an integer of 5 to 
about 200; m is an integer of 3 to about 100; and is sulfate, hydrosulfate. 
methylsulfate. carbonate, bicarbonate, chloride, bromide, iodide, or mixtures 
thereof 

6. The silicone polymer according to Claim 5 having the following formula 
(lb): 

CH3 CH3 CH3 CH3 

HO- (CH2CH2N"^)riT- (CH2)20(CH2)3 - [^iO]— ii- (CH2)30(CH2)2 - (N"^CH2CH2)nrOH 
C2H5 CH3 (bwa C2H5 

^ (lb) 2mXl- 

wherein n is an integer of from about 5 to about 100. m is an integer of 3 to 
about 20, and is selected from the group consisting of sulfate, hydrosulfate, 
methylsulfate, carbonate, bicarbonate, chloride, bromide, iodide, and mixtures 
thereof. 

7. A fabric treatment composition comprising the silicone polymer of Claim 3 
further comprising a carrier suitable for application of the composition to fabric. 

8. A hair care composition comprising the silicone polymer of Claim 3 further 
comprising a carrier suitable for application of the composition to the hair. 

9. A method of making the silicone polymer of Claim 1 comprising the steps 
of: 

(a) ring-opening polymerization of an activated siloxane with a cyclic 
iminoether selected from the group consisting of 2-substituted-2-oxazoline, 2- 
substituted-5.6-dihydro-4H 1.3-oxazine, and mixtures thereof; 

(b) reduction or hydrolysis of the compound formed in step (a); and 

(c) quatemization of the compound formed in step (b). 

10. The method according to Claim 9 wherein step (a) comprises a 
preliminary step of making the activated siloxane, the preliminary step 
comprising reacting a starting silicone material with an activating agent selected 
from the group consisting of tosyl halide, mesyl halide, and mixtures thereof; 
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wherein the starting silicone material has at least one hydroxy functionality 
terminal, the remainder terminals being non-reactive with the activating agent. 

1 1 . The method according to Claim 9 wherein the cyclic iminoether is selected 
from the group consisting of 2-Z'-2-oxazoline, 2-Z'-oxazine, and mixtures thereof; 
wherein Z* is a hydrogen, alky! having 1 to 10 carbons, fluorocarbon having 1 to 
10 carbons, phenyl, or benzyl. 

12. The method according to Claim 11 wherein the cyclic iminoether is 
selected from the group consisting of 2-methyl-2-oxazoline, 2-ethyl-2-oxazoline, 
2-propyl-2-oxazoline, and mixtures thereof. 



13. The method according to Claim 9 wherein at least a stoichiometric amount 
to the activated siloxane of a Lewis base is used as a solvent medium at step 
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